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Description 

The invention relates to a method of providing a plu- 
rality of cavities and/or apertures arranged in a pattern 
in a plate or layer of non-metallic material. 

Plates or layers of this patterned type of non-metal- 
lic, particularly hard, brittle materials such as glass, ox- 
idic or ceramic material, are particularly used in micro- 
electronic devices such as electro-luminescent gas dis- 
charge displays (for example, plasma displays), in field 
emission displays, cathode ray displays and in displays 
in which electrons are propagated in ducts having walls 
of electrically insulating material (referred to as insulat- 
ing electron duct displays) in which the apertures or cav- 
ities are used for manipulating electron currents. They 
may be formed as (mutti-apertured) control plates and 
provided with (addressable) electrodes cooperating 
with the apertures, as transport plates having a plurality 
of parallel cavities (transport ducts), or as apertured 
spacers (for example, between a control plate and the 
luminescent screen of a luminescent display). 

US Patent 4,388,550 describes a luminescent gas 
discharge display. This display requires a control plate 
controlling the individual pixels. This control plate di- 
vides the inner space of such displays into two areas, a 
plasma area and a post-acceleration area. It comprises 
a "perforated" plate having an array of lines at one side 
and at the other side an array of columns of metal con- 
ductors or electrodes surrounding or extending along 
the perforations. These enable electrons to be selective- 
ly extracted from the plasma area through the apertures 
to the post-acceleration area and to be incident on the 
luminescent screen. Other gas discharge displays com- 
prise, for example plates having (facing) cavities. 

In a control plate, the number of perforations or ap- 
ertures in a plate of the type described above is defined 
by the number of desired pixels. 

Present-day television line scan patterns use, for 
example approximately 500 x 700 pixels having a hori- 
zontal pitch of 0.5 mm and a vertical pitch of 0.7 mm. 
These pixels define the pattern of apertures to be pro- 
vided in the control plate of electrically insulating mate- 
rial. 

It is known from EP 0 562 670 that these patterns 
can be manufactured by means of an apertured mask 
and a powder spray process. This process is possible 
by virtue of the large difference in production rate be- 
tween the mask material and the material of the object 
which is to be provided with a pattern of apertures (par- 
ticularly glass). A problem which appears to occur when 
a separate (metal) mask is used is, however, that the 
desired accuracies are not always achieved. The inven- 
tion is based, inter alia, on the recognition that the mask 
may assume a convex shape during spraying, inter alia, 
with the result that it is no longer seated correctly on the 
product to be provided with a pattern, which is at the 
expense of the accuracy of this pattern. And that defor- 
mation may occur, even when a convex shape does not 



occur, or will occur to a minor extent, it a very good ad- 
hesion is ensured. A change of the absolute dimensions 
of the mask due to deformation does not only lead to 
inaccuracies in the pattern but also renders it unsuitable 
s for repeated use. 

It is an object of the invention to provide a (prefer- " 
ably simple) method which mitigates the above-men- 
tioned problems. 

The method according to the invention is therefore 
characterized in that the pattern is made by means of 
the following steps: 

producing at least one jet of abrasive powder parti- 
cles; 

directing the jet onto a surface of the plate or layer; 
limiting the areas where the jet impinges upon the 
surface; 

performing a relative movement between the jet 
and the plate or layer, using a mask for limiting the 
areas where the jet impinges upon the surface, 
which mask has its surface on which the jet imping- 
es coated with a layer preventing substantial me- 
chanical stresses from being generated in the mask 
by the pressure of the jet of powder particles during 
the process. 

Another method according to the invention is de- 
fined in independent claim 5. 

The invention is based on the recognition that the 
deformation, or warping, is due to the fact that spraying 
the mask with the powder particles leads to a build-up 
of stresses, and that this problem can be reduced to a 
considerable extent if a layer is provided on the mask 
which is sufficiently thick and elastic. Many lacquers can 
only be provided in the form of a thin layer, are too hard 
or adhere too poorly to (continue to) fulfil the desired 
function during the process. Suitable materials are, for 
example soft elastic (plastically deformable but tough) 
lacquer types, particularly soft -touch lacquers. Soft- 
touch lacquers are soft and warm to the touch and are 
used, for example, for coating metal objects (shavers, 
car steering wheels). These may be, for example poly- 
urethane-like lacquers, polyurethane or epoxy-based 
lacquers. They may be simply provided in advance on 
the mask by means of spraying. The coating should be 
thick and elastic enough so as not to pass on substantial 
stresses the mask. In many cases this means that the 
coating should have at least a thickness which corre- 
sponds to the size of the powder particles. When powder 
particles having a size of, for example 20 to 25 microns 
are used, a thickness of approximately 20 to 25 microns 
is thus necessary. If accurate patterns are to be ob- 
tained, the thickness of the mask plus the coating should 
not become too large. Generally this means that the 
coating does not exceed a thickness of 100 microns. 

It is important that said coating is sufficiently resist- 
ant to the powder spraying process so that it will be ef- 
fective until the end of the process. Soft-touch lacquers 
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appear to have this resistance to a certain extent. The 
use of a (top) coating having a sticky surface provides 
additional advantages, because the powder particles 
used during the powder spraying process will then stick 
in the sticky surface and provide extra protection, which 
contributes to the lifetime. For example, photoadhesive 
and other sticky adhesives are suitable for this purpose. 

Instead of being provided on a separate mask, the 
afore-mentioned jet-resistant soft elastic lacquers types 
may be directly provided on the object to be patterned 
and serve as a mask after patterning. 

The use of a perforated (particularly metal) plate as 
a mask is found to be very suitable. By using the inven- 
tion, the sizes are maintained and the mask can be used 
several times. If necessary, the coating may be repaired 
or renewed before the mask is used again. 

When a separate metal or synthetic material plate 
is used as a mask, it is advantageous to stick this mask 
to the plate to be sprayed. An easily removable adhesive 
can be used for this purpose (for example, glucose- 
based adhesives can easily be removed with water). 
Since the invention leads to less warping, less large "ad- 
hering" forces are required and it will be better possible 
to use a plate of a magnetizable metal, for example Fe, 
for the mask and to "stick" this plate to the plate to be 
sprayed by means of a magnetic field generated by 
"magnetic clamps" at the other side of the plate to be 
sprayed. 

Satisfactory sticking is important to maximally pre- 
vent the mask from being locally detached during spray- 
ing, causing powder particles to come underneath the 
mask and possibly damage the parts not to be sprayed 
(referred to as undersp raying). 

The adhesive strength of the coating may some- 
times be insufficient so that build-up of mechanical 
stresses in the mask may still occur. By providing the 
mask at its side to be coated with an adhesive primer 
(lacquer primer) in advance, the adhesive strength of 
the coating is enhanced. 

These and other aspects of the invention will be ap- 
parent from and elucidated with reference to the embod- 
iments described hereinafter. 

In the drawings 

Fig. 1 is a cross-sectional view of a plate provided 
with a perforated mask; 

Fig. 2 shows cross-sectional views of two perforat- 
ed masks provided with a coating; 
Fig. 3 is a cross-sectional view of a field emission 
display; 

Fig. 4a is an elevationalview and 

Fig. 4b is a cross-sectional view of an insulating 

electron duct display; 

Fig. 5 is a cross-sectional view of a gas discharge 
display; , 
Fig. 6 is an exploded view of a flat panel display; 
Figs. 7 and 8 show dia grammatically how a pattern 
of apertures is provided in a plate by means of a 



powder spraying device. 

Electrically insulating control plates, transport 
plates and/or spacer plates having very accurate pat- 
5 terns of apertures and/or cavities are required for use in 
different types of (electroluminescent) displays. The 
plate thickness may be between 50 and 5000 microns, 
particularly between 50 and 700 microns. A character- 
istic material for these applications is glass or ceramic 
material 

Fig. 1 is a cross-sectional view of such a plate 1 
provided with a metal mask 2. Suitable metals are those 
which are easily etchable, such as Fe and Fe alloys. 
They preferably exhibit little tendency to build up me- 
chanical stresses ("shot peening") when spraying with 
powder particles. In this respect, Akoca is a suitable ma- 
terial. However, the invention provides a wider choice of 
materials to be used. Instead of a metal mask, a lacquer 
mask (for example, of a lacquer used in the silk screen- 
ing technique) or a synthetic material mask (for exam- 
ple, of an UV-sensitive synthetic material) may be used. 

The mask 2 is provided, for example, by means of 
one or more spraying steps with a coating 4 (Fig. 2) of 
a layer preventing shot-peening such as particularly a 
soft-touch lacquer and/or a sticky adhesive according to 
the invention. The coating 4 can only coat the surface 
of the mask 2 (at the left in Fig. 2) or also the walls of 
the apertures (at the right in Fig. 2). A layer of adhesive 
primer may be present between the coating 4 and the 
mask 2. A separate mask may be stuck on the plate 1 
by means of an adhesive layer 5 so as to inhibit local 
detaching during the powder spraying process. The ad- 
hesive layer 5 may comprise an adhesive which is sol- 
uble in water (for example, an adhesive based on glu- 
cose). Such an adhesive can be easily provided at low 
cost and simply removed after use. (The mask 2 may 
be alternatively made of a magnetic material and "stuck" 
to the plate 1 by means of a magnetic field.) 

To improve the step of gluing the mask by means 
of glucose or another adhesive on a plate to be provided 
with a pattern, also the side of the mask to be glued may 
be provided in advance with the adhesive primer (lac- 
quer primer). The mask will then be better prevented 
from being detached from the plate during the powder 
spraying process (due to the mechanical tensions build- 
ing up in the mask). 

The apertures 3 denoted by broken lines in the plate 
1 are slightly tapered in the embodiment of Fig. 1 . When 
plates are used as internal vacuum supports (spacer 
plates) in field emission displays, such an aperture 
shape is not unusual. However, it is alternatively possi- 
ble to make substantially cylindrical apertures or cavities 
with substantially parallel walls. Plates having cylindrical 
apertures are suitable, for example, as spacers between 
a control plate and the luminescent screen in an insu- 
lating electron duct display. 

Fig. 3 is a diagrammatic cross-sectional view of a 
field emission display comprising a substrate 40, conical 
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emission tips 41 , a spacer plate 42 with apertures 43 
and a front wall 45 with a luminescent screen 44. The 
spacer plate 42 may advantageously be made by 
means of the method according to the invention. 

Fig. 4a is a diagrammatic elevational view and Fig. 
4b is a cross-sectional view of an insulating electron 
duct display 6 as described in EP-A-400 750. This dis- 
play comprises a plurality of insulator plates 10a, 10b, 
10c, 10d having regular aperture patterns between a 
transparent face plate 7 and a rear wail 14. 

A luminescent screen 15 is provided on the inner 
surface of the face plate 7. A (glass) flu-spacer plate 1 0d 
having a characteristic thickness of between approxi- 
mately 0.4 and 1 mm and, for example 1 x 1 0 6 apertures 
corresponding to the number of luminescent areas (col- 
our dots) on the screen 15 is adjacent to this lumines- 
cent screen. The colour dots are addressed by means 
of a preselection plate 10a and a fine-selection plate 10c 
each of, for example glass and being 0.5 mm thick. The 
plate 10c has a pattern of aperture triplets R, G, B in this 
case. The apertures in the plate 10c are activated, for 
example row by row by means of metal fine-selection 
electrodes 1 3, 1 3', 13", ... These electrodes may be pro- 
vided after the apertures have been made, which pro- 
vides the possibility of metallizing the walls of the aper- 
tures as well. An alternative method is to provide the 
fine-selection electrodes in advance. Preselection plate 
1 0a is separated from fine-selection plate 1 0c by a spac- 
er structure 10b, in this case a plate having (large) ap- 
ertures connecting each one of, for example 350,000 
apertures 8, 8', ... in the preselection plate 10a to a plu- 
rality of apertures in the fine-selection plate 10c. The 
preselection plate 10a is provided with preselection 
electrodes 9, 9', ... for activating, for example row by 
row, the apertures 8, 8*, ... communicating with electron 
transport ducts 11, 11', 11", ... (see also Fig. 4a). The 
transport ducts 11, 11', 11°, ... are separated from each 
other in this case by electrically insulating partitions 12, 
12', 12", ... An alternative method is to provide the trans- 
port ducts (a total number of several hundred, for exam- 
ple 200 or 400) as duct-shaped cavities having a depth 
of several mm and a width of, for example 0.5 or 1 mm 
in the rear wall 14. The method according to the inven- 
tion is also applicable for this purpose. The rear wall 1 4 
constitutes an electron transport plate in this case. The 
transport ducts 11, 11', 11", ...cooperate, via a perforat- 
ed cathode plate 1 6 (of, for example 1 mm thick glass) 
with a - line-shaped - electron source 18. The apertures 
17 in the cathode plate 1 6. (also several hundred, for ex- 
ample 200 or 400) may also be provided advantageous- 
ly by means of the method according to the invention. 

Inter alia, in connection with the very large numbers 
of apertures, deformation and/or detaching from the 
mask is very undesirable and the invention provides a 
solution in the manufacture on an industrial scale. 

Fig. 5 is a diagrammatic elevational view of a gas 
discharge display as described in DE-2 412 869. This 
display has an insulator plate 21 provided with a regular 



pattern of apertures 22. Row. conductors 23 extend at 
one side across the apertures 22. These conductors are 
provided by means of, for example a printing technique, 
vapour deposition or photolithography. Column conduc- 
5 tors 24 extend across the other side of the apertures 22. 
DE-2 412 869 is referred to for the operation of such a 
display. The insulator plate 21 may advantageously be 
made by means of the method according to the inven- 
tion. 

10 Fig. 6 is a diagrammatic elevational view of a flat 
panel display of the beam matrix type. This display com- 
prises a large number of metal electron beam control 
electrodes 25, 25*, 25", ... provided with slotted aper- 
tures between a rear wall 26 and a luminescent screen 
15 27. By providing these electrodes on a plate of electri- 
cally insulating material having the same aperture pat- 
tern, advantages as regards ease of handling and sus- 
pension can be realised. 

Fig. 7 shows a plate 28 to be sprayed, which plate 
20 is positioned on a support 29. The support 29 is movable 
in the direction of the arrow P perpendicular to the plane 
of the drawing. The plate 28 is provided with a mask 30 
having the shape of a perforated metal plate. In this ex- 
ample, the mask 30 has a regular pattern of circular ap- 
25 ertures (see Fig. 8). A device 31 for performing an abra- 
sive operation (powder spraying device) is shown dia- 
grammatically as a spraying unit 32 having a nozzle 33 
directed onto the surface of the plate 28. Dependent on, 
for example, whether apertures or cavities are to be 
30 made, the nozzle/mask distance may range between 
0.5 and 25 cm, typically between 2 and 5 cm. During 
operation a jet of abrasive powder particles, for example 
silicon carbide particles, aluminium oxide particles, 
granulated glass, granulated steel or mixtures thereof is 
35 blown from the nozzle 33. A pressure principle or a ven- 
turi principle may be used for this purpose. Abrasive par- 
ticle dimensions suitable for the object of the invention 
range between 1 and 200 microns, typically between 10 
and 100 microns. 
40 In this embodiment spraying unit 32 with nozzle 33 
can be traversed in a direction transverse to the arrow 
P by means of a traversing device 34 which has a spin- 
dle 35, but other ways of motion are alternatively appli- 
cable. 

^5 Stops provided with electric contacts are denoted 
by the reference numerals 36 and 37 and are assumed 
to be connected to a reversing circuit so as to reverse 
the sense of rotation of the spindle 35 to be driven by a 
motor. 

50 During operation, the support 29 and the plate 28 
make a, for example reciprocating movement parallel to 
the X axis and the spraying unit 32 performs axial tra- 
versing movements parallel to the Y axis (Fig. 8), the 
speeds of movement being adapted to each other in 
55 such a way that the complete desired aperture or cavity 
pattern is obtained in the plate 28. Instead of one nozzle, 
it is possible (for example, for the purpose of accelerat- 
ing the process, but particularly for a better homogeneity 
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of the desired pattern) to use a number of nozzles. This 
number may be 6, but may alternatively be 100. For a 
good homogeneity it is useful that each nozzle is moved 
across each piece of the mask. 

A 0.5 mm thick plate of 30 x 40 cm can be provided 
with a very accurate aperture pattern of 1 x 10 6 aper- 
tures having a diameter of 600 microns, for example 
within 1 minute in the manner described above. 

For insulating electron duct displays of the type 
shown in Fig. 4, perforated plates with aperture patterns 
having a number of apertures varying between 100 x 
10 3 and 10 x 10 6 are required. 

The invention may alternatively be used for provid- 
ing a large number of parallel elongate cavities in a plate 
of electrically insulating material, which cavities are 
used as electron transport ducts in an insulating electron 
duct display. The display shown in Fig. 4a comprises 
several hundred (for example, 400) of such electron 
transport duct cavities 11, 11', 11°, ... etc. 

A further advantage of the use of a coating compris- 
ing a material which does not pass on, or hardly passes 
on the impact energy of the powder particles to the mask 
is that relatively thin mask material may be used without 
the risk of convexity or deformation. (This means that 
thicknesses ranging between 1 00 and 250 u, and located 
closer to 100 u. than to 250 u. will be usable. Normally it 
holds that there will be less deformation as the thickness 
of the material is larger.) This provides the possibility of 
smaller geometries of the aperture pattern. Another ad- 
vantage is that the abrasive powder wears less rapidly. 



Claims 

1. A method of providing a plurality of cavities and/or 
apertures arranged in a pattern in a plate or layer 
of non-metallic material (1), in which the pattern is 
made by means of the following steps: 

producing at least one jet of abrasive powder 
particles; 

directing the jet onto a surface of the plate or 
layer; 

limiting the areas where the jet impinges upon 
the surface; 

performing a relative movement between the 
jet and the plate or layer, using a mask (2) for 
limiting the areas where the jet impinges upon 
the surface, which mask has its surface on 
which the jet impinges coated with a layer (4) 
preventing substantial mechanical stresses 
from being generated in the mask by the pres- 
sure of the jet of powder particles during the 
process. 

2. A method as claimed in Claim 1, characterized in 
that the coating comprises a polyurethane-based or 
epoxy-based lacquer. 



3. A method as claimed in Claim 1 or 2, characterized 
in that the coating has a sticky surface. 

4. A method as claimed in Claim 1 , 2 or 3, character- 
s ized in that the mask side to be coated is provided 

with an adhesive primer in advance. 

5. A method for providing a plurality of cavities and/or 
apertures arranged in a pattern in a plate or layer 

10 of non-metallic material (1), in which the pattern is 
made by means of the following steps: 

producing at least one jet of abrasive powder 
particles; 

*s - directing the jet onto a surface of the plate or 
layer; 

limiting the areas where the jet impinges upon 
the surface; 

performing a relative movement between the 
20 jet and the plate or layer, using a mask (4) for 

limiting the areas where the jet impinges upon 
the surface, characterized in that the mask is a 
patterned layer of a soft elastic lacquer, which 
layer is brought directly on the object to be pat- 
25 terned. 



Patentanspruche 

30 1. Verfahren zum Anbringen einer Anzahl musterma- 
I3ig gegliederter Offnungen und/oder Vertiefungen 
in einer Platte Oder einer Schicht aus einem nicht- 
metallischen Material, wobei das Muster mit Hilfe 
der nachfolgenden Verfahrensschritte geschaffen 

35 wird: 

das Erzeugen mindestens eines Strahles mit 
abrasiven Pulverteilchen; 
das Ausrichten des Strahles auf die Oberflache 
40 der Platte Oder der Deckschicht; 

das Beschranken der Gebiete, in denen der 
Strahl die Platte trifft; 

das Durchfuhren einer relativen Bewegung 
zwischen dem Strahl und der Platte, wobei zur 

45 Beschrankung der Gebiete, in denen der Strahl 

die Oberflache trifft, eine Maske (2) verwendet 
wird, deren Oberflache, auf welche der Strahl 
trifft, mit einer Schicht (4) bedeckt ist, die ver- 
hindert, daG beim Durchfuhren des Verfahrens 

50 wesentliche mechanische Spannungen, die 

durch den Druck des Pulverteilchenstrahls in 
der Maske entstehen, erzeugt werden. 

2. Verfahren hach Anspruch 1 , dadurch gekennzeich- 
55 net, daG die Deckschicht einen Lack auf Basis von 

Polyurethan oder Epoxy aufweist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
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kennzeichnet, daB die Deckschicht eine klebrige 
Oberflache hat. 

4. Verfahren nach Anspruch 1, 2 Oder 3, dadurch ge- 
kennzeichnet, da3 die zu bedeckende Maskenseite 5 
vorher mit einer klebrigen Grundierung versehen 
wird. 

5. Verfahren zum Anbringen einer Anzahl musterma- 

3ig gegliederter Offnungen und/oder Vertiefungen 10 
in einer Platte Oder einer Schicht aus einem nicht- 
metallischen Material (1 ), wobei das Muster mit Hil- 
fe der nachfolgenden Verfahrensschritte geschaf- 
fen wird: 

15 

das Erzeugen mindestens eines Strahles mit 

abrasiven Pulverteilchen; 

das Ausrichten des Strahles auf die Oberflache 

der Platte oder der Deckschicht; 

das Beschranken der Gebiete, in denen der 20 

Strahl die Platte trifft; 

das Durchfuhren einer relativen Bewegung 
zwischen dem Strahl und der Platte, wobei zur 
Beschrankung der Gebiete, in denen der Strahl 
die Oberflache trifft, eine Maske (4) verwendet 2s 
wird, dadurch gekennzeichnet, dafJ die Maske 
eine mustermaGige Schicht aus einem weichen 
elastischen Lack ist, wobei diese Schicht un- 
mittelbar auf dem mit einem Muster zu verse- 
henden Gegenstand angebracht wird. 30 



polyurethane ou a base d'epoxyde. 

3. Proc6de selon la revendication 1 ou 2, caracteris§ 
en ce que le revetement presente une surface col- 
lante. 

4. Proc6de selon la revendication 1 : 2 ou 3, caracte- 
rts6 en ce que le cote du masque a revetir est muni 
au prealable d'un enduit adhesif. 

5. Proc6d6 pour pratiquer dans une plaque ou dans 
une couche en mat6riau non metallique une plura- 
lite de cavites et/ou d'ouvertures disposees dans un 
motif, suivant lequel le motif est fabriqu6 au moyen 
des stapes suivantes: 

la production d'au moins un jet contenant des 
particules de poudre abrasives; 
I'orientation du jet su r une surface de la plaque 
ou de la couche; 

la limitation des zones ou !e jet frappe la surfa- 
ce; 

I'execution d'un mouvement relatif entre le jet 
et la plaque ou ta couche a I'arde d'un masque 
pour limiter les zones ou le jet frappe la surface, 
caracterise en ce que le masque est une cou- 
che mise en configuration constitute d'une la- 
que elastique tendre, ladite couche est depo- 
se e directement sur I'objet a mettre en configu- 
ration. 



Revendlcations 



1. Proc6de pour pratiquer dans une plaque ou dans 35 
une couche en materiau non metallique une plura- 

lite de cavites et/ou d'ouvertures disposees dans un 
motif, suivant lequel le motif est fabrique au moyen 
des etapes suivantes: 

40 

la production d'au moins un jet contenant des 
particules de poudre abrasives; 
I'orientation du jet sur une surface de la plaque 
ou de la couche; 

la limitation des zones ou le jet frappe la surfa- 45 
ce; 

I'execution d'un mouvement relatif entre le jet 
et la plaque ou la couche a i'atde d'un masque 
pour limiter les zones ou le jet frappe la surface, 
ledit masque ayant sa surface qui est frappe du so 
jet revetue d'une couche qui empeche I'engen- 
drement dans le masque de contraintes meca- 
niques sensibles provoquees par la press ion 
lors du processus du jet contenant des particu- 
les de poudre. ss 

2. Precede selon la revendication 1 . caracterise en ce 
que le revdtement comporte une laque a base de 
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FIG.4B 
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